ABSTRACT: The use of soybean cultivars resistant to insects and diseases reduces the application of pesticides, decreasing production costs and promoting a sustainable agriculture. The damage of stink bugs and defoliators and the severity of powdery mildew (Microsphaera diffusa) in soybean of three maturity groups were evaluated under field conditions, at Tarumã and Ribeirão Preto, State of São Paulo, Brazil. Three experiments, one for each group, were carried out in the 1999/2000 and 2000/2001 growing seasons. In 1999/2000, the disease occurred in Tarumã; in that year, infestation of chrysomelids (Cerotoma sp. and Colaspis sp.) was observed in Ribeirão Preto. Low infestations of stink bugs occurred in both years and locations, but in Tarumã, at the stage of plant maturation, the insect population exceeded the economic injury level. The severity of powdery mildew was evaluated using a scale varying from 1 (no symptom) to 5 (more than 50% of leaves with symptoms). Chrysomelid injuries were estimated by the percentage of leaf area removed, and stink bug damage was evaluated by the percentage of leaf retention (LRP) and yield. Within the early maturity group (110 days), IAC 94-2675 showed good yield levels, low LRP, and resistance to powdery mildew. In the genotypes of the 120-day maturity group, IAC 94-5, IAC 94-1172, IAC 94-1017, IAC 94-133, and IAC 94-745 presented good yield; the last two behaved as resistant to the disease. With regard to the genotypes of the 135-day maturity group, IAC 93-1564 and IAC 94-2939 showed good yield, low LRP, and resistance to powdery mildew. Keywords: Glycine max, Microsphaera diffusa, host plant resistance, stink bugs, defoliators 
INTRODUCTION
Even though representing costs of about only 5% of the total input used in soybean crops (FNP Consultoria e Comércio, 2003) , because of the extensive areas planted in Brazil, large amounts of insecticides are used to reduce damage caused by pests. The most important insects whose populations can more frequently reach the economic injury level consist of those with defoliating (caterpillars and coleopterans) and sucking habits (pentatomid bugs) (Hoffmann-Campo et al., 2000) . With regard to diseases, soybean powdery mildew (Microsphaera diffusa Cke. Pk.) used to be considered a secondary disease (Yorinori, 1982) , until a severe incidence was observed in several cultivars during the 1996/97 cropping season, reaching all Brazilian producing regions, from the cerrado down to Rio Grande do Sul (Embrapa, 2001) . From that season forward, the incidence of mildew has been frequent in soybean crops in the State of São Paulo, occurring nearly every year in the main producing regions.
Plant resistance to insects is an important component of integrated pest management programs (Adkisson & Dyck, 1980) ; in a like manner, this is the case with diseases as well. Therefore, the use of soybean cultivars resistant to its main pests and diseases can reduce the need for pesticide applications, contributing to decrease yield costs, in addition to being beneficial to the environment.
In 1976, Instituto Agronômico de Campinas (IAC) initiated a new research area in its soybean breeding program, in order to obtain cultivars resistant to defoliating and sucking insects, which continues being developed today, with good results . Within this area, cultivars IAC 100 (Rossetto et al., 1989) , IAC 17, IAC 19 , IAC 23, and IAC 24 (Miranda et al., 2003a; 2003b) were obtained and released to growers, in addition to line IAC 78-2318, which has multiple resistance , and could be used in breeding programs focused at obtaining germplasm that is resistant to insects. Even though evaluations are carried out to identify lessdamaged plants, the occurrence of low infestations of insects in the experimental areas of IAC in some seasons in Campinas, where the program is conducted, could lead to the selection of lines that do not possess adequate resistance levels. Thus, at the end of each selection cycle, the most important lines must be evaluated in other regions that are preferably representative of soybean cropping, for a more detailed evaluation of resistance to insects and diseases, and also productivity, which is the objective of this work.
MATERIAL AND METHODS
Three experiments were installed, one for each genotype maturation group (110-day, 120-day and 135-day), in the cities of Ribeirão Preto and Tarumã, in the State of São Paulo, during the 1999/2000 and 2000/2001 growing seasons. The same experiment area was used at each locality, in both years, and the experiments were arranged in an adjacent manner. Selection of the areas for experimentation was based on their history, particularly in Tarumã, where bug and defoliator infestations have been intense in the region's soybean crops . 120-day maturity group -Seven lines of the IAC-94 series and three cultivars were evaluated: 'IAC-17', a resistance standard, 'IAC-22', a productivity standard, and 'Coodetec-201', a cultivar planted in a wide area of the State of São Paulo (Table 1) . In most lines and in 'IAC-17', the presence of D 72-9601-1 in the germplasm's genealogy must be pointed out; this line was selected in the USA for resistance to Pseudoplusia includens (Walker), and showed little defoliation caused by Anticarsia gemmatalis Hubner under Brazilian conditions (Rezende et al., 1980) . Identical experiments for the genotypes of this cycle were installed in Tarumã, sown on 12/15/1999 and on 11/20/2000, and in Ribeirão Preto, sown on 11/ 26/1999 and on 11/24/2000. The experimental design was arranged as random blocks, with ten treatments and six replicates. Each plot consisted of four 5m-long rows, spaced at 0.5 m between each other.
Fertilization was performed in the planting furrow, according to recommendations for this crop (Raij et al., 1997) , based on soil fertility analyses. The 0-20-20 rate was used in Ribeirão Preto, at 350 kg ha -1 in both years; in Tarumã, the same rate was used (265 kg ha -1 ) in the first year, and the 4-20-20 rate (300 kg ha -1 ) was used in the second. No pesticide applications were performed during the entire plant cycle. Beginning at the onset of flowering, bug population surveys were carried out by the beat sheet method (Hoffmann-Campo et al., 2000) ; surveys extended up until the end of the pod maturation period.
120-day maturity group -In this experiment, eight lines (five in the IAC-94 and three in the IAC-97 group) and cultivars IAC-18, IAC-100 (resistant control), EMBRAPA-48, and BR-37 were used, the latter two representing extensive planting areas in São Paulo (Table 1 ). All lines tested presented D 72-9601-1 in their genealogies (Table 1) . Similarly as for the 110-day maturity group germplasm, an experiment was installed in Ribeirão Preto and Tarumã, on the same seeding dates. The experimental design was organized as random blocks, with twelve treatments replicated six times. Plot size, row spacing, bug surveys, and other experimental procedures were similar to those used in the 110-day maturity group experiment.
135-day maturity group -Using the same ways and conditions employed for 110-, and 120-day maturity groups, experiments were installed in Ribeirão Preto and Tarumã, on the same dates, consisting of cultivars 'IAC PL-1', which is a standard for insect susceptibility, and 'Conquista', which is planted in a large area in São Paulo, two IAC-93 lines, and four IAC-94 lines. Line IAC 78-2318, which bears multiple resistance to insects Evaluation of damage by insects and of powdery mildew incidence -Whenever infestation reached levels that allowed germplasm discrimination, the leaf injuries caused by chrysomelid beetles were visually evaluated through the estimation of a defoliation percentage (PLAR -percentage leaf area removed), considering the entire plot. Damages caused by stink bugs were evaluated using two criteria: LRP (leaf retention percentage), for which an estimate of the percentage of plants showing retention of leaves after complete pod maturation, and/or showing green stalks was attributed to each plot, and yield from the two central rows, excluding the initial 0.5 m of each row (g 8m -1 ), considering type 1 and type 2 grain only, according to Jensen & Newsom (1972) . Severity of the disease in each plot was visually estimated for mildew by means of a rating scale ranging from 1 to 5, where: 1 = absence of leaf symptoms; 2 = up to 10% of leaves showing symptoms; 3 = from 11 to 25%; 4 = from 26 to 50%, and 5 = over 50%. , while productivity and mildew rating values were analyzed without transformation. A non-parametric analysis was performed for mildew using Kruskal-Wallis and a non-parametric multiple comparisons test. Per-year and joint analyses of variance were run for PLAR, LRP, and productivity, and the means were compared by Tukey test (P < 0.05).
RESULTS AND DISCUSSION
110-day maturity group -With regard to defoliating insects, an infestation of chrysomelid beetles occurred in the 1999/2000 cropping season in Ribeirão Preto, with predominance of Colaspis sp. over Cerotoma sp., when the plants were at the R 4 /R 5 developmental stages, according to Fehr & Caviness (1977) . The genotype showing the highest defoliation index was 'IAC 22' (Table 2) , which confirms observations by Lourenção et al. (2002) , who verified the greatest PLAR means due to chrysomelids in that cultivar, during two consecutive years in Tarumã, as compared to other cultivars and lines. The lowest defoliation was observed for line IAC 94-282, whose mean did not differ from Considering the effect of stink bugs, the yeartreatment interaction was significant for both criteria used, LRP and productivity, at the Ribeirão Preto location, but not at Tarumã, where only productivity was evaluated. In both the first and second years at Ribeirão Preto, stink bug populations oscillated below the economic injury level (Figure 1 ) of four sampled bugs (beat sheet method) starting at the R 3 stage (formation of pods) in grain crops, and two stink bugs in seed production crops (HoffmannCampo et al., 2000) . Under these low infestation conditions, LRP ranged from 5.0 ('IAC-17') to 61.7% (IAC 94-11) in 1999/2000 and from 1.7 (IAC 94-11) to 68.3% ('Coodetec-201') in 2000/2001 (Table 2 ). The extreme and reversed leaf retention values verified for line IAC 94-11 and cultivar 'Coodetec-201', under low stink bug pressure, reinforce the hypothesis that other factors, probably related to climate, would influence the expression of this important physiological disorder of the crop. Regardless of the cause, 'IAC-17' is a cultivar in which leaf retention practically does not occur, thus confirming previous results obtained in two cropping seasons (1997/98 and 1998/99) , at these two locations . The best productivity at Tarumã was obtained by line IAC 94-2675, whose mean was different from all other treatments, except from IAC 94-27 (Table 3) . In Ribeirão Preto, these two lines showed steady productivity means, not differing from the best treatments (Table  2) ; at the same location, cultivars showed the lowest means in absolute values, which is a sign of good potential for all lines evaluated when it comes to productivity. 1 Rating scale ranging from 1 to 5, where 1 = absence of symptoms in the leaves ... 5 = more than 50% of leaves with mildew. 2 Means followed by the same letter in the column do not differ among themselves by the Kruskal-Wallis and multiple comparisons nonparametric tests (P<0.05) 3 Means followed by the same lower case letter in the column, and upper case letter in the row, do not differ by Tukey test (P ≤ 0.05). (Rossetto, 1989) ; these were different from lines IAC 97-2288 and IAC 97-2292 and from cultivars Embrapa-48 and BR-37, which were the treatments with the highest PLAR indices. In the stink bug damage evaluation, a year-treatment interaction was observed for productivity in both locations, and for LRP in Ribeirão Preto. In the latter, a marked effect of year can be observed under the LRP criterion, whose means were extremely high in 1999/2000 ( Table 4 ). In that growing season, 'IAC-100' and 'Embrapa-48' showed means of 11.7 and 12.5%, respectively. In the following season, leaf retention reached low levels in almost all treatments; only line IAC 97-2289 pre- 
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Stink bugs /2m row sented a mean near 80%, indicating that it is a susceptible material regarding this physiological disorder. The stink bug populations did not reach the economic injury level during the entire plant cycle ( Figure 2) ; therefore, other factors, probably related to climate, would play a role in the manifestation of leaf retention.
In the first year, at Tarumã, the most productive treatment was IAC 94-5, with 1,136 g 8 m -1 , while the poorest performances were attained by 'IAC-100' and IAC 97-2289 (Table 5 ). In the following year, IAC 94-5 was again among the most productive, differing from IAC 97-2288, IAC 97-2292, and IAC 97-2289. In Ribeirão Preto, there was no significant difference between treatments in the first year (Table 4 ). In the following year, IAC 94-745 was the most productive, differing from lines IAC 97-2288 and IAC 97-2289, and from cultivars Embrapa-48, BR-37, and IAC-100, which showed the smallest means. Considering both cropping seasons and both localities, it can be seen that cultivar IAC-18 and lines IAC 94-5, IAC 94-745, and IAC 94-1172 showed mean productivity levels above 1,000 g 8 m -1 ; in addition, genotypes such as IAC 97-2289, which showed high leaf retention indices, and IAC 97-2288 and IAC 97-2292, which were the materials most defoliated by chrysomelid beetles, produced yields below that level. Even though they are resistant to (Table 5) , these three lines proved to be inferior than the other treatments in an evaluation of the other criteria; therefore, these characteristics should be considered unsuitable in soybean breeding programs. Even though there was incidence of mildew in the experiment area at Tarumã during the first year, an analysis of the means did not allow germplasm discrimination with regard to this disease (Table 5 ). In addition to lines IAC 97-2288 , IAC 97-2289 , and IAC 97-2292 also showed a mean rating of 1.0, being characterized as resistant. Among the cultivars, 'IAC-18' was prominent, since plants did not exhibit symptoms, which does not agree with the classification proposed by Embrapa (2002) , where this cultivar is considered highly susceptible. In absolute terms, 'Embrapa-48' was the treatment with the highest infection rating (3.7), thus confirming its highly-susceptible classification (Embrapa, 2002) .
135-day maturity group. In Ribeirão Preto, the infestation by chrysomelid beetles that occurred during the R 3 /R 4 stages caused defoliations that ranged from 6.7% in IAC 78-2318 to 18.3% in 'IAC PL-1' (Table 6) , thus confirming the susceptibility of this cultivar to defoliating insects . Lines IAC-2939 and IAC 94-2864 also did not differ from IAC 78-2318; their PLAR values were 8.3 and 10%, respectively.
In both locations, stink bug infestations were low; populations in Ribeirão Preto fluctuated below the EIL during the entire plant cycle, as in the other two experiments (Figure 1 ). In Tarumã, in both years, the stink bugs exceeded the EIL while most plants were at the maturation stage (Figure 2 ), when these insects do not present a high damaging potential to the crop and are usually not sampled (Hoffmann-Campo et al., 2000) .
The year-treatment interaction was significant for productivity in both locations, and was also significant for LRP in Ribeirão Preto. As in the 110-and 120-day maturity group germplasm experiments, the leaf retention intensity expressed by the treatments was more intense during the first year, when IAC 78-2318 showed the lowest mean (6.7%), thus confirming that this material is little sensitive to this anomaly (Lourenção et al., 1999; , differing from lines IAC 94-2853 and IAC 93-1489, with 35.8 and 34 .2% LRP, respectively (Table 6 ).
In terms of productivity, line IAC 93-1564 obtained the greatest mean in Ribeirão Preto during the first year (1,388 g 8 m (Table 6 ). In the following year, again these two lines were the most productive, with 1,306 and 1,285 g 8 m -1 respectively, not Table 5 -Mean mildew 1 infection ratings and productivity means (g 8m -1 ) of four cultivars and eight lines of 120-day maturity group soybean, submitted to natural infestation by insects and diseases in the field. Tarumã, SP, Brazil, 1999 /2000 and 2000 /2001 .
1 Rating scale ranging from 1 to 5, where 1 = absence of symptoms in the leaves ... 5 = more than 50% of leaves with mildew. 2 Means followed by the same letter in the column do not differ among themselves by the Kruskal-Wallis and multiple comparisons nonparametric tests (P < 0.05) 3 Means followed by the same lower case letter in the column, and upper case letter in the row, do not differ among themselves by Tukey test (P ≤ 0.05). , this cultivar obtained the lowest productivity indices among all treatments in both Tarumã and Ribeirão Preto.
In Tarumã, mildew symptoms were more intense in 'IAC PL-1' and line IAC 93-1489 plants, even though their mean ratings did not differ from those of genotypes that did not show symptoms (Table 7) . Table 6 -Means for percentage leaf area removed (PLAR) by chrysomelid beetles, leaf retention percentage (LRP), and productivity (g 8m -1 ) of two cultivars and seven lines of 135-day maturity group soybean, submitted to natural infestation by insects in the field. Ribeirão Preto, SP, Brazil, 1999 /2000 and 2000 /2001 .
Means followed by the same lower case letter in the column or upper case letter in the row, do not differ among themselves by Tukey test (P ≤ 0.05). Table 7 -Mean mildew 1 infection ratings, mean percentage leaf area removed (PLAR) by chrysomelid beetles, and mean productivity (g 8m -1 ) of two cultivars and seven lines of 135-day maturity group soybean, submitted to natural infestation by insects in the field. Tarumã, SP, Brazil, 1999 /2000 and 2000 /2001 .
1 Rating scale ranging from 1 to 5, where 1 = absence of symptoms in the leaves ... 5 = more than 50% of leaves with mildew. 2 Means followed by the same letter in the column do not differ among themselves by the Kruskal-Wallis and multiple comparisons nonparametric tests (P < 0.05). 3 Means followed by the same lower case letter in the column, and upper case letter in the row, do not differ by Tukey test (P ≤ 0.05). The occurrence of leaf retention in soybean has been associated with the attack of stink bugs (Daugherty et al., 1964) and species involved, drought during flowering and/or during the pod development period, excess moisture in the maturation period (Sosa-Gomez & Moscardi, 1995) , absence of pods in the plant (Hicks & Pendleton, 1969) , and potassium deficiencies or high (Ca + Mg)/K ratio values (Mascarenhas et al., 1987; 1988) . Since fertilizations were carried out according to the crop's requirements in the experimental areas of both locations based on soil analyses, and because infestations by stink bugs oscillated below the EIL, it is likely that the high LRP values observed were influenced by climate-related factors, during critical plant development periods. Regardless of the cause, it was possible to discriminate germplasm that was less sensitive to this physiological disorder.
Considering both localities and both cropping seasons, it can be seen that for 110-day maturity group germplasm, line IAC 94-2675 presents good productivity, low leaf retention, and high resistance to mildew. In the 120-day maturity group, lines IAC 94-5, IAC 94-1172, IAC 94-1017, IAC 94-133, and IAC 94-745 show good productivity levels, and similar leaf retention and defoliation indices; the latter two lines are also resistant to mildew. Among the 135-day maturity group genotypes, lines IAC 93-1564 and IAC 94-2939 stand out as resistant to mildew, with low leaf retention indices and good productivity, and thus deserve to be evaluated in new regional assays.
